Although acid B-glycerophosphatase (acid phosphatase, EC 3.1.3.2) has long been the chosen marker for lysosomes in cell fractionation (de Duve et al., 1955; Reid, 1972) , there are differences in distribution between acid phosphatase and other hydrolases when rat liver is fractionated. In particular, acid-phosphatase-rich lysosomes sediment more slowly (Sellinger et a/., 1960; Rahman & Cerny, 1969; Burge & Hinton, 1971) and are less dense (Beaufay et al., 1964) than other lysosomes. Furthermore, unlike most lysosomal enzymes, one isoenzyme of acid phosphatase seems to be associated with the lysosomal membrane (Sloat &Allen, 1969;. The present study gives further evidence of a membrane-located acid phosphatase, and we conclude that acid phosphatase should not be used as the sole marker for lysosomes in high-resolution cell-fractionation experiments.
(6.5 x 106g-min). The crude nuclear fraction was further fractionated with an A-XI1 zonal rotor (Hinton et al., 1970) and the mitochondrialflysosomal fraction was fractionated by rate sedimentation in an HS zonal rotor (Burge & Hinton, 1971 ) and subsequent isopycnic banding of the lysosome-rich region in a B-XIV zonal rotor . In some experiments the lysosomes were disrupted before isopycnic banding by treatment with a Polytron FT35 O D homogenizer (Kinematica, Lucerne, Switzerland) for 1 min at 13000rev./min at 4°C. Microsomal fractions were subfractionated by isopycnic ffotation . Assays for enzymeactivities and protein concentration have been described previously (Hinton & Norris, 1972; Prosper0 et al., 1973) . In some experiments latent activities were released by Triton X-100 (0.1 %) or digitonin (0.0016%) (Jacques et al., 1975) rather than by freeze-thawing.
As in previous work (Burge & Hinton, 1971 ; , we found that lysosomes rich in acid phosphatase sedimented more slowly and banded at a slightly lower density than did lysosomes enriched in other acid hydrolases. Slight differences were observed between the distributions of the other hydrolases (ribonuclease 11, acid phosphodiesterase, 8-galactosidase, 8-glucuronidase and cathepsin D), but these were small compared with the differences between each of these enzymes and acid phosphatase. Isopycnic banding of disrupted lysosomes yielded a zone of smooth membranes, of density 1 .I 6g/ml, that contained acid phosphatase but only small amounts of other enzymes . Of the total amount loaded on the gradient, only 54 % of the acid phosphatase was released as soluble protein, compared with 73 %of the B-galactosidase, 74% of the ribonuclease I1 and 61 % of the acid phosphodiesterase, whereas 18 % of the acid phosphatase was recovered in the smooth-membrane region compared with 5 %, 4 % and 9%, respectively, of the other enzymes.
The distribution of membrane-bound acid phosphatase is quite different from that of membrane protein (mostly due to endoplasmic-reticulum fragments). It therefore seems unlikely that the membrane-associated acid phosphatase is due to non-specific absorption, but attempts to confirm the presence of lysosome membranes by assaying Bglucosidase (Tappel, 1969) failed as this enzyme was absent from the livers of our rats.
Electron microscopy of the smooth-membrane fraction separated from disrupted lysosomes showed several types of structure, including small strips of membrane with * Permanent address: Cancer Institute, University of Cairo, Cairo, Egypt. 
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Fig. 1. Distribution of enzyme activity after isopycnic flotation of liver microsomal vesicles
The microsomal vesicles were separated from the supernatant fraction (from centrifugation of liver homogenate at 115OOg for 15min) by centrifugation for 90min at 130000g, then resuspended in 2~-sucrose and layered under a linear sucrose gradient in a B-XIV zonal rotor. Centrifugation was for 16h at 47000rev./min. Markers measured in each graph are: (a) Protein (-) and density at 20°C (----); (b) acid phosphodiesterase activity; (c) acid phosphodiesterase activity in the presence of EDTA;
(d) glucose 6-phosphatase activity; (e) acid phosphatase activity; (f) 8-galactosidase activity; (g) 5'-nucleotidase activity; (h) acid p-nitrophenyl phosphate phosphatase activity (total); ( i ) acid p-nitrophenyl phosphate phosphatase activity (free). Activities of (d), (g) and (e) are given as pmol/min, others as pg of p-nitrophenol/min. some electron-dense material still attached, small vesicles and larger vesicles apparently containing some membranous material. About half the structural elements stained cytochemically (El-Aaser et al., 1973) for acid phosphatase, but distortion of morphology by the procedure precluded identification of the structures containing the enzyme.
Since lysosomes are very heterogeneous in size, the smallest lysosomes are recovered in the microsomal fraction. Also, the proportion of acid phosphatase recovered in the microsomal fraction is always greater than the proportion of the other acid hydrolases (Sellinger et al., 1960) . After isopycnic flotation of a resuspended microsomal fraction, acid 8-glycerophosphatase activity was found in three zones (Fig. l) , corresponding to soluble protein (fractions 29-33) and particles with densities of 1.2 g/ml (fractions 25-27) and of approx. 1.16g/ml (zone centred about fraction 17). The low activity necessitated long incubation and so precluded measurement of the latency of 8-glycerophosphatase. However, assays with p-nitrophenyl phosphate as substrate showed evidence of latency only for the peak at the density of l .2g/ml. No 8-galactosidase was found in the low-density zone. The acid phosphodiesterase activity found in this region was inhibited by EDTA, suggesting that it was due to the phosphodiesterase associated with plasma-membrane fragments (Prosper0 et al., 1973) .
Thus there appear to be two major objections to the use of acid phosphatase as the sole marker for lysosomes. First, the smaller and lighter lysosomes show enrichment, and the differences in distribution, on subfraction of lysosomes, between acid phosphatase and other acid hydrolases much surpass those seen with any other pair. of lysosomal enzymes. Secondly, acid phosphatase-containing particles, with the properties of free lysosomal membranes, are present in the microsomal fraction. These may derive from lysosomes accidentally broken during homogenization. We therefore think that in studies involving subfractionation of the mitochondrial, lysosome-rich or microsomal fraction, acid phosphatase should not be the sole marker for lysosomes. One approach to the question of the mechanism(s) of temperature adaptation in eukaryotic micro-organisms is to examine changes in membrane lipid composition in psychrophilic and therrnotolerant yeasts as a function of temperature (Watson et al., 1976; Arthur &Watson, 1976) . These studies have firmly established that cell lipid unsaturation in yeast increases with decrease in growth temperature. A similar phenomenon has been long known in prokaryotic micro-organisms (for review see McElhaney, 1975) .
Thermal Adaptation in
The present studies were undertaken with the aim of correlating the membrane lipid composition with biochemical functions of the membranes. The parameters studied were cellular respiration and the transport of glucose and amino acids into the cells.
Theyeast strains used and conditions of growth were as previously described (Arthur & Watson, 1976) . Leucosporidium frigidum and Candida australis were grown at -0.5"C, Candida lipolytica at 25°C and Saccharomyces telluris and Torulopsis bovina at 40°C.
